Abstract: Zinc ferrite nanocomposite was synthesized via co-precipitation method and their electrical and liquefied petroleum gas sensing were investigated. The structural and morphological characterizations of the sensing material were analyzed by means of XRD (X-ray diffraction) and SEM (Scanning electron microscopy). XRD pattern revealed crystalline and cubic crystal structure. SEM images show spherical nanoparticles distributed throughout the surface. Optical properties were investigated by using UV (Ultraviolet)-visible absorption spectroscopy and FTIR (Fourier transform infrared spectroscopy) techniques. Solid state pellet was investigated with the exposition of LPG (Liquefied petroleum gas). Variations in resistance with time for different concentrations of LPG were recorded at room temperature. The maximum value of sensitivity and sensor response were found 6 and 496 respectively.
Introduction
Chemical sensors play a very important role in both environmental protection and human health. The fabrication of metal oxide semiconducting nanomaterials with large surface to volume ratio for gas sensing applications is currently a major hub of nanoscience and nanotechnology [1] . In recent years, the synthesis of nanocrystalline metal oxide materials has been a focal point of research and developmental activities in the area of nanomaterials owing to the quest for their various technological applications [2] [3] [4] [5] . Semiconducting metal oxides such as SnO 2 [6] , ZnO [7] , WO 3 [8] and Fe 2 O 3 [9] have been widely used as gas sensing materials for the detection of the inflammable and toxic gases. The sensor performance strongly dependent on the microstructural features such as crystallite size, grain boundary characteristics and thermal stability. Several approaches have been explored to fabricate the sensors with improved performance, which includes nano sized crystallites, solid solutions and additives or surface functionalization [10, 11] .
Recently, some composite oxides such as spinel AB 2 O 4 [12] and perovskite ABO 3 [13] were found to be more attractive than single-metal oxides for their better selectivity and/or sensitivity to certain gases. In particular, the spinel-structured ZnFe 2 O 4 , in which the transition metal cation Zn ++ was incorporated into the lattice of the parent structure of (Fe 2+ Fe 2 3+ O 4 ), was established to be a promising material in detecting reducing gases [14] . Other earlier reports about the application study of zinc ferrite as a gas sensing material include ZnFe 2 O 4 particles to H 2 S [15] , a directly deposited film to CO [16] , ultrafine powder to Cl 2 [17] , CdO-doped ZnFe 2 O 4 to ethanol [18] , a ZnO/ZnFe 2 O 4 thick film to propanol [19] , and so on. 
Experimental

Synthesis of Material
Preparation of Sensing Pellet
Synthesized powder was grind with mortar and pastle for 6 h. The material was subjected to polarization using hydraulic press at an uniaxial pressure 615 MPa at room temperature. The dimension of pellet was 10 mm in diameter and 4 mm in thickness. This pellet was heat treated in an electric furnace (Ambassador, India) at 550 º C for 3 h in the presence of 20% oxygen and after annealing it was exposed to liquefied petroleum gas in specially designed gas chamber at controlled conditions.
Gas Sensing Measurements
Synthesized pellet was exposed to liquefied petroleum gas in specially designed gas chamber at controlled conditions. Experimental set-up consist two parts; one part shown in Fig. 1a for the measurement of volume of gas and other part shown in Fig. 1b for LPG sensing. Pellet was inserted between the Ag electrodes and gas was introduced through inlet and released from outlet. Corresponding variations in resistance were recorded with Keithley Electrometer.
Electrical Measurements in Air (R-T Characteristic)
For measuring the electrical properties of sensing elements in air, the sensing elements were put inside a tubular furnace at the highest point of temperature profile with electrical connections and variations in electrical resistance with temperature were recorded. The used heating rate was 2 º C per minute. The temperature dependent resistance measurement shows the thermally activated exponential behaviour of zinc ferrite.
Characterizations
X-ray Diffraction
The crystal structure and phase of the powdered material was analyzed using X-ray Diffractometer (X-Pert, PRO PANalytical XRD system, Nether land) with Cu K α radiations as source having wavelength 1.5418 Å. XRD pattern of the synthesized powder shown in Fig 
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The FWHM and d-spacing corresponding to this peak are 1.5° and 2.5195 Å respectively. By using Debye-Scherrer formula [20] , minimum crystallite size was found 8 nm.
Surface Morphology
The morphology of the sensing surface of pellet before exposition of LPG can be visualized from the
Scanning electron microscope (SEM, LEO-0430
Cambridge) as shown in Fig. 3 a. It shows that some of the nanoparticles of the ZnFe 2 O 4 combined with each other to form clusters and leaving some spaces as pores. These pores serve as gas adsorption sites and gas sensitivity depends on the size of these pores.
These adsorption sites are disappeared after the adsorption of LPG on the surface of the sensing film as shown in Fig. 2b .
UV-Visible Absorption Analysis
Optical characterization of the sensing material was done by using UV-Visible spectrophotometer (Varian, Carry-50Bio). Fig. 7a shows the absorption spectra of the zinc oxide in the photon energy range 1.112 to 6.19 eV (i.e. 300-1000 nm). One of the sensing materials coated on the borosilicate glass substrate was used for this purpose. Fig. 7 shows that absorbance decreases with increase in wavelength. In the UV region i.e. approximately in the range 4.0-3.5 eV, curves show steep decrease in absorbance. The relation between absorption coefficient and photon energy is given below:
where, E is the photon energy and E g is the optical band gap energy of the material. The above equation
shows a linear dependence of (αhν) 2 on photon energy (hν). Figs. 4a and 4b show UV-visible absorption spectra of zinc ferrite nanocomposite in UV and visible range. Zinc ferrite nanoparticles exhibit a strong change of their optical absorption when their size is reduced down to a few nanometers. Therefore, absorption spectra of zinc ferrite nanoparticles obtained in the UV-visible region show blue shift in the absorption edge. The corresponding band gap was 3.9 eV.
FTIR Analysis
The FT-IR analysis was carried out under O 2 /He gas at room temperature. IR spectra were obtained by pressing the zinc ferrite powder by hydraulic press in to pellet form. 
Gas Sensing Studies and Discussion
Fig . 6 shows the variations in resistance of mixed shaped zinc ferrite pellet for different vol.% of LPG at room temperature as a function of time. It indicates that as time increases the resistance of sensing pellet increases drastically in the beginning and then increases slowly after that it attains a constant value. Curve '1' of Fig. 5 for 1 vol.% of LPG shows that as time increases the resistance of pellet increases drastically from 1 to 4.18 MΩ, after that it increases linearly from 4.18 to 4.38 MΩ with slow response, further, it becomes constant. Again when we introduced 2 vol.% of LPG, resistance increases drastically from 1 to 5.35 MΩ, after that it increases linearly from 5.35 to 5.80 MΩ which is shown by curve '2'. This curve shows better slope than previous which indicates the slightly improved sensitivity than previous. Similarly curves '3' and '4' for 3 and 4 vol.% of LPG respectively, show better slope than both the previous and hence successive improvements in their sensitivities. Finally when we introduced 5 vol.% of LPG, resistance increases drastically from 1 to 6.86 MΩ, after that it increases slowly and finally becomes constant, which is shown by curve '5'. This is the maximum variation in resistance which gives higher slope and hence highest sensitivity for devising a LPG sensor. A variation of sensor response with time for different LPG concentrations is illustrated in Fig. 7 . This figure indicates that as the concentration of LPG increases, the sensor response increases. The low concentration implies a lower surface coverage of gas molecules, resulting in a lower surface reaction between the surface adsorbed oxygen species and the gas molecules. The increase in LPG concentration, increases the surface reaction due to a large surface coverage. Further on increasing the LPG concentration, the surface reaction does not increase and eventually saturation takes place. The maximum sensor response was 496 for 5 vol.% of LPG. High response would be expected if the amount of adsorbed LPG is larger and reaction between the adsorbed LPG and oxygen species is more favorable. Average sensitivity was plotted as a function of concentration of LPG as shown in Fig.8 . Reproducibility curve for this sensor after one month for 5 vol.% of LPG is plotted and shown in Fig. 9 . It shows that the sensor is 98% reproducible after one month. Another important factor for every gas sensor is its response and recovery times, when the sensor is exposed to and then removed from the gas environment. Here, the response time required for the response value to attain 90% of its maximum value is shorter (~90 s) for zinc ferrite pellet. As the LPG gas was turned-off, the response of the same film fell rapidly, indicating that the good recovery of the resistance was obtained for this pellet. The time taken by the sensor elements to come back once the LPG was removed is found longer (~ 130 s).
It is well known that the sensitivity of the metal-oxide semiconductor sensors is mainly resolute by the interactions between the target gas molecules and active adsorption surface sites of the sensor. So, it is obvious that for the greater specific surface area of the materials, the interaction between the adsorbed gases and the sensor surface will be stronger, i.e. sensitivity will be higher. LPG is always adsorbed and evenly react with the surface, therefore small particle size and large specific area of zinc ferrite contribute to oxygen and LPG adsorption on its sensing surface, which is responsible for the increase in sensitivity of the sensor.
The LPG sensing mechanism is based on the changes in the resistance of the ZnFe 2 O 4 pellet. The oxygen adsorbed on the surface of the pellet influences the resistance of the ZnFe 2 O 4 based sensor. Initially oxygen from the atmosphere adsorbs on the surface of the pellet and extracts electrons from its conduction bands to form 2 O − species on the surface, consequently resistance increases. After that an equilibrium state is achieved between oxygen of ZnFe 2 O 4 and atmospheric oxygen and the value of stabilized resistance was recorded. When the pellet is exposed to LPG, it reacts with the chemisorbed oxygen. On interaction with hydrocarbons (C n H 2n+2 ) of LPG the adsorbed oxygen is removed, forming gaseous species and water vapor. Consequently, the resistance changes, which is due to the change in the width of depletion layer after exposure to LPG.
When the LPG reacts with the surface oxygen ions then the combustion products such as water depart and a potential barrier to charge transport would be developed i.e., this mechanism involves the displacement of adsorbed oxygen species by formation of water. The formation of barrier is due to reduction in the concentration of conduction carriers and thereby, results in an increase in resistance of the sensing element with time. As the pressure of the gas inside the chamber increases, the rate of the formation of such product increases and potential barrier to charge transport becomes strong which has stopped the further formation of water constituting the resistance constant. Table 1 presents the comparison of LPG response between earlier reported LPG sensors by our group and synthesized ZnFe 2 O 4 nanoparticles in the present investigation. It is clear that response of sensor reported in this paper is higher as compared to reported sensors. Thus our investigation show significant advancement towards the fabrication of a reliable and cost effective LPG sensor operable at room temperature. Fe Fe e
Electrical Measurements and Discussion
which is the main source of electron hopping in this process. The electrical conduction in zinc ferrite is attributed to electron hopping between the two valence state of iron, Fe 2+ and Fe 3+ on the octahedral sites in the spinel lattice [20] . The characteristics of a semiconducting gas sensor have a major dependence on two factors. One is the intrinsic conduction mechanism and the other is the pore size and distribution. Both factors influence the kinetics of the chemisorption reaction between the sensor and the surrounding gases. 
where, E a , K and T are the activation energy, Boltzmann constant and absolute temperature of the material, respectively. The activation energy (E a ) determined in terms of the slope of the Arrhenius plot was found 0.56 eV. controlled by the sensor operating temperature. It can be noted that a change in temperature will alter the resistance because both the charge of the surface species as well as their coverage can be altered in this process. As the interaction probability of sensing element with LPG is given by the Boltzmann factor exp(-E a /kT). Therefore for the higher probability of interaction to be occurring, E a should be least for room temperature LPG sensors. Thus, this small value of activation energy of sensing film is significant for the detection of LPG at room temperature.
Conclusions
Zinc ferrite was successfully synthesized via co-precipitation method and characterized for their structural and surface morphological properties. From SEM images we observed that there were spherical zinc ferrite nanoparticles, few particles agglomerated and leaving vacant spaces among them. The XRD patterns show nanocrystalline nature of the materials with spinel phase. The minimum crystallite size of zinc ferrite was found 8 nm. Appreciable changes in resistance of nano sized ZnFe 2 O 4 upon exposure to LPG in ambient atmosphere recognized zinc ferrite as a LPG sensor. The maximum sensor response obtained with ZnFe 2 O 4 to LPG was 496. Thus, the present study explored the possibility of making use of ZnFe 2 O 4 for LPG sensing at room temperature.
